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COMPLETE SPECIFICATION 

Improvements in Anti-Icing Means for the Compressor of a 
Gas Turbine Engine 



We, General Electric Company, a Cor- 
poration organised and existing under the laws 
of the State of New York, United States of 
America, of 1, River Rc/d, Schenectady 5, 

5 New York, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 

10 following statement: — 

This invention relates to systems for pre- 
venting ice accumulation in the inlet passages 
of gas turbine engines and, more particularly, 
to improved valve means for controlling the 

15 flow of high temperature fluid through such 
anti-icing systems. 

When a gas turbine engine is used to propel 
an aircraft, adverse atmospheric conditions 
encountered during flight may cause ice to 

20 form and accumulate in the inlet passage 
and on the inlet guide vanes. If any appre- 
ciable quantity cf ice is allowed to accu- 
mulate, the compressor inlet cross-sectional 
area is reduced and, consequently, the amount 

25 of air flow through the engine is reduced 
below that called for by the angular setting 
of the guide vanes. The reduced air flow 
results in decreased thrust or power output of 
the engine. 

30 Ice formation and accumulation may be 
prevented by extracting high temperature 
compressed air from the compressor discharge 
section or from one of the intermediate com- 
pressor stages and directing the extracted air 

35 through the variable angle inlet guide vanes. 
After it is passed through the interiors of 
the guide vanes, the air which is still at a 
relatively high temperature is conventionally 
disposed of in one of two ways, the first of 

40 these being to direct the hot air to the outside 
of the engine nacelle, or the fuselage in the 
case of a fuselage mounted engine, where it is 
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discharged into the atmosphere. Discharging 
overboard has one advantage over the second 
way which comprises discharging into the 
compressor air stream, however, in that the 
power loss accompanying a given percentage 
of extraction is much greater when discharg- 
ing into the compressor air stream. For ex- 
ample, extraction of one percent of the air- 
flow as discussed with respect to dumping 
overboard may result in as much as a four 
or five percent loss in engine power when 
the high temperature air is returned to the 
air stream. This excessive power loss is un- 
desirable and often prohibitive at the maxi- 
mum power setting of the engine where the 
lost power cannot be recovered by going to 
still higher power settings. 

It has been found, however, that the 
amount of anti-icing air required, as a per- 
centage of the total compressor air flow, at 
high engine speeds is much less than that re- 
quired at low speeds. It is therefore possible 
to dump the high temperature air back into 
the compressor air stream and still have an 
acceptably low power loss at the high power 
settings by reducing the percentage of air 
extracted at high engine speeds. Attempts 
have been made in the past to control the per- 
centage of extraction by means of elaborate 
valve arrangements which sense the engine 
operating conditions and schedule the air 
flow accordingly. These complex valve 
arrangements have proved to be expensive 
and, because of their complexity, often un- 
reliable. 

The object of this invention to provide an 
improved system for preventing ice accumu- 
lation in the inlet passage of a gas turbine 
engine, which does not cause an excessive 
loss of engine power at maximum engine 
speed. 

In accordance with the invention, an anti- 
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icing means is provided for the compressor 
of a gas turbine engine having rotatably moun- 
ted inlet guide vanes and possibly stator vanes 
each formed with a cavity divided into two 
5 interconnected compartments at the leading 
and trailing edges thereof, and wherein a 
valve arrangement is provided in die rotatable 
supports for each vane to control the flow of 
a high temperature fluid into the vane com- 
10 partments at the leading edges in accordance 
with the angular positions of the vanes. The 
walls of the compartments in the trailing 
edges of the vanes are provided with open- 
ings for the discharge of the high temperature 
15 fluid into the compressor air stream, the high 
temperature fluid being taken from one of the 
downstream stages of the compressor. 

In the accompanying drawings, 

Fig. 1 is a view partly in cross-section of a 
20 compressor including an inlet guide vane anti- 
icing system which utilises this invention; 

Fig. 2 is a detail view of a portion of the 
inlet guide vane structure shown in Fig. 1; 

Fig. 3 is a view taken along line 3 — 3 of 
25 Fig. 2; . 

Fig. 4 is a view similar to Fig. 3 showing 
the spindle of the inlet guide vane in a moved 
position; 

Fig. 5 is a view similar to Fig. 1 illus- 

30 Grating the utilization of the invention on an 
anti-icing system for both variable inlet guide 
vanes and variable stator vanes; and 

Fig. 6 is a view similar to Fig. 1 showing 
a modification of the invention. 

35 Referring first to Fig. 1, a conventional type 
of axial flow compressor indicated generally 
by the numeral 10 is illustrated. The com- 
pressor 10 includes a cylindrical front frame 
11 having several support struts 12 extend- 

40 ing radially inward from the frame 11 to 
support a forward fairing 13, an inner cylin- 
drical wall 14, and a bearing 15. The front 
frame 11 also includes a rearwardly extend- 
ing cylindrical casing 16 which forms with the 

45 inner cylindrical wall 14 an annular com- 
pressor inlet passage 17. A plurality of angu- 
larly adjustable inlet guide vanes 18 are 
mounted between the casing 16 and the wall 
14, each guide vane 18 having a radial spindle 

50 19 at its outer end rotatably received in a 
radial bore 20 extending through a boss 21 in 
the casing 16 as shown in Fig. 2. Each guide 
vane IS also has a radial spindle 22 rotatably 
received in the inner cylindrical wall 14. 

55 A cylindrical casing 25 surrounding the re- 
mainder of the compressor 10 is secured to 
the front frame casing 16 at the circumferen- 
tial flanges 26 carried by the casings by means 
of bolts 27. The casing 25 supports a plura- 

60 lity of rows of stationary stator vanes 28. A 
plurality of rows of rotor blades 29 alternate 
with the rows of stator vanes 28. The rotor 
blades 29 are secured to a drum 30 which 
terminates in a shaft 31 at its forward end, 

65 the shaft being rotatably mounted in the 



bearing 15. The clearance between the tips 
of the rotor blades 29 and the casing 25 is 
held as small as practicable in order to pre- 
vent undesirable leakage around the tips of 
the blades. Shroud rings 32 are supported 70 
from the inner tips of each row of stator 
vanes 2S to prevent undesired leakage around 
the inner tips of the stator vanes 28. 

An annular manifold 35 is formed about 
the periphery of the casing 25 at one of the 75 
intermediate compressor stages, the manifold 
35 being shown in Fig. 1 located just forward 
of the seventh row of rotor blades 29. As 
this description proceeds, it will become ob- 
vious to those skilled in the art that the mani- 80 
fold 35 can alternatively be located about 
other stages or about the compressor discharge 
section. A plurality of openings 36 are pro- 
vided in the casing 25 through which high 
temperature compressed air is bled into the 85 
manifold 35. A pipe 37 connects the annular 
manifold 35 to an annular manifold 38 formed 
integrally with the front frame 11. An On- 
Off valve 39 is located in the pipe 37 to selec- 
tively permit full flow or prevent air flow 90 
through the pipe 37, the valve 39 conven- 
tionally being operated by a solenoid (not 
shown) controlled manually by the pilot of the 
aircraft. 

A plurality of tubes 40 connect the annular 95 
manifold 38 to the bosses 21 in the front 
frame casing 16, therebeing one tube 40 
leading to each boss 21 as shown in Figs. 
2 — 4. A passage 41 aligned with the interior 
passage of the tube 40 is located in the boss 300 
21 and terminates in a port in the wall of the 
bore 20. A similar passage or port 42 is 
located in the wall of the guide vane spindle 
19. The ports in the bore 20 and the spindle 
19 are aligned to form a maximum area open- 105 
ing when the spindle 19 is in one angular 
position as shown in Fig. 3 and misaligned 
to form a minimum area opening when the 
spindle 19 is in a second angular position as 
shown in Fig. 4. 110 

Referring to Figs. 1 and 2, the radially 
extending spindle 19 at the outer end of 
each of the guide vanes 18 extends outwardly 
beyond the boss 21 and terminates in a re- 
duced diameter threaded portion 45. An 115 
actuating arm 46 is connected to the spindle 
19 and held in place by a nut 47 screwed 
onto the threaded portion 45 of the spindle 
19. The angular position of the spindle 19 
and its associated guide vane 18 can be varied 120 
by moving the actuating arm 46. As shown 
in Fig. 1, the end of the actuating arm 46 is 
pivotaliy attached to a circumferentially ex- 
tending actuating ring 48 so that the guide 
vane 18 and the spindle 19 are rotated as the 125 
actuating ring 48 is moved circumferentially 
around the casing 16 by actuating means (not 
shown,. In practice, the actuating ring 48 
may be moved between two extreme positions, 
the first extreme position resulting in a wide 130 
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open inlet guide vane setting for maximum 
engine power where the maximum amount of 
air is allowed to flow through the compressor. 
At the other extreme actuating ring setting, 

5 the low pov/er setting, the inlet guide vanes 
18 are closed to permit minimum flow of 
air through the compresser 10. 

It will be remembered at this point that a 
lower amount of anti-icing air is required, 

10 as a percentage of total air flow, at high power 
settings than at low power settings. There- 
fore, in accordance with this invention, the 
passages 42 are located on the spindle 19 so 
that they are aligned with the ports in the 

15 bosses 21, or the passages 41, for maximum 
anti-icing flow when the inlet guide vanes 18 
are in their closed low power position. It will 
thus be obvious that Fig. 3 illustrates the 
alignment of the passages 41 and 42 at the 

20 low power engine setting. At higher power 
settings, a lower amount of anti-icing air, as 
a percentage of total air flow, is required. In 
accordance with the invention, the passages 41 
and 42 are misaligned to the maximum extent 

25 when the guide vanes 18 are wide open for 
maximum engine power. Fig. 4 illustrates the 
alignment of the passages 41 and 42 at the 
maximum power setting. It will be noted 
at this point that passages 41 and 42 are 

30 illustrated as having the same area and con- 
figuration. With both passages having the 
same area and configuration, the change in 
flow area defined by passages 41 and 42 is 
gradual and uniform as the guide vanes 18 

35 are moved between their extreme positions. 
Consequently, the percentage of anti-icing air 
flow is also uniformly changed. In practice, 
however, it may be desirable to maintain a 
constant flow of anti-icing air, as a percen- 

40 tage of total air-flow, over a broad range of 
engine power settings, the percentage of anti- 
icing air flow being reduced substantially at 
higher power settings. One way to accom- 
plish this (not shown) is to make the passage 

45 42 oversize so that the flow area begins to 
change only after the spindle 19 is moved 
a substantial amount from the low power posi- 
tion illustrated by Fig. 3. 

As shown in Figs. 1 and 2, a radially ex- 

50 tending partition 50 is located in the hollow 
interior of the guide vane 18. The air enter- 
ing the interior of the guide vane 18 from the 
hollow spindle 19 is first directed inwardly 
along the leading edge of the guide vane 18 

55 until it reaches the inner end of the radial 
partition 50. After reaching the inner end of 
the partition 50, the air can turn and flow 
outwardly along the trailing edge of the inlet 
guide vane from which it escapes into the 
60 compressor air stream through a plurality of 
discharge passages 51 in the wall of the guide 



vane 18, or, a single discharge passage may 
be used if desired instead of the plurality of 
discharge passages 51. 

Referring now to Fig. 5, the invention is 65 
shown applied to a row of inlet guide vanea 
18 and, in addition, to a row of adjustable 
stator vanes 52. The row of adjustable stator 
vanes 52 are provided with radially extend- 
ing spindles 53 rotatably mounted in the 70 
casing 25. An actuating arm 54 is secured to 
each spindle 53 in the previously described 
manner, and the actuating arm 54 is pivotally 
attached to an actuating ring 55 adapted for 
circumferential movement around the casing 75 
25 by an actuating means (not shown). If 
desired, the actuating rings 48 and 55 may 
be connected for movement in unison. The 
adjustable stator vanes 52 are supplied with 
hot compressed air through tubes 56 connec- 80 
ted to the annular manifold 38 like tubes 40. 
The valving arrangement for supplying the air 
to the stator vanes 52 and the interior direct- 
ing means are substantially identical to those 
described with respect to the inlet guide vane 85 
18. 

Turning now to Fig. 6, the anti-icing air 
may alternatively be supplied to the guide 
vanes 18 through spindles 60 at the radially 
inner tips of the vanes 18. As shown by Fig. 90 
6, the pipe 37 is directed radially inwardly 
through the casing 16 to an annular manifold 
61 adjacent inner spindle* 60. A plurality of 
tubes 62 connect the manifold 61 to the 
spindles 60, the anti-icing air thereby being 95 
supplied to the vanes 18 in a manner sub- 
stantially identical to that described in detail 
above. 

WHAT WE CLAIM IS: — 

1. Anti-icing means for the compressor of a 100 
gas turbine engine having rotatably mounted 
inlet guide vanes and possibly stator vanes 
each formed with a cavity divided into two 
inter connected compartments at the leading 

and trailing edges thereof, and wherein a 105 
valve arrangement is provided in the rotatable 
supports for each vane to control the flow 
of a high temperature fluid into the vane com- 
partments at the leading edges in accordance 
with the angular positions of the vanes. 110 

2. Anti-icing means according to Claim 1, 
wherein the walls of the compartments in the 
trailing edges of the vanes are provided with 
openings for the discharge of the high tem- 
perature fluid into the compressor air stream. 115 

3. Anti-icing means according to any one 
of the foregoing claims, wherein the high 
temperature fluid is taken from one of the 
downstream stages of the compressor. 

4. Anti-icing means for the compressor of 120 
a gas turbine engine substantially as herein- 
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before described with reference to Figs. 1, 2, Win. BROOKES & MARTIN, 

3 and 4 or Fig. 5, or Fig. 6 of the accom- Chartered Patent Agents, 

panying drawing. 52/54 High Hoiborn, 

London, W.C.I. 
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